Double-stranded cDNA copies of RNA-1 and RNA-2 of tomato ringspot virus were cloned into pUC9. Comparison of restriction enzyme maps of eight clones indicated that 1.9 kb at the 3' termini of RNA-1 and RNA-2 were similar. Five of these clones were used in Northern hybridization analyses and found to contain sequences either unique to RNA-1 or RNA-2, or common to RNA-1 and RNA-2. Southern blot analyses using clones derived from RNA-1 and RNA-2 confirmed that there is a 1.9 kb nucleotide sequence homology at the 3' termini. A sequence homology of this magnitude has not been reported previously for other plant viruses with multipartite ssRNA genomes.
Tomato ringspot virus (TomRSV) is one of the 17 definitive members of the nepovirus group (Harrison & Murant, 1977) . Definitive nepoviruses have bipartite genomes of ssRNA and isometric particles of about 28 nm diameter with a single capsid protein, Mr about 55000. The number of nucleotides in seven nepovirus RNAs, estimated by agarose gel electrophoresis under denaturing conditions (Murant et al., 1981) , was 8100 to 8400 for RNA-1 but ranged from 3900 to 7200 for RNA-2; TomRSV has the largest RNA-2 (7.2 kb).
As part of an overall objective to analyse the genomic organization and expression of TomRSV structural and non-structural proteins, we prepared dsDNA copies of RNA-1 and RNA-2 and cloned them in pUC9. Comparison of restriction enzyme maps of RNA-1 and RNA-2 clones revealed an extensive region of similarity. This similarity was further investigated by Northern and Southern hybridization analyses. We report a 1.9 kb homology in the T-terminal regions of TomRSV RNA-1 and RNA-2.
A mixture of RNA'-I and RNA-2 was obtained from Dr R. Martin of this laboratory. Doublestranded DNA complementary to TomRSV RNA-1 and RNA-2 was synthesized using the 'one tube double-stranded cDNA synthesis method" of Bethesda Research Laboratories (BRL) (D'Alessio et al., 1987) . DNA complementary to TomRSV RNAs was synthesized at 37 °C using cloned Moloney murine leukaemia virus reverse transcriptase in a 50 ~tl reaction mixture containing 50 mM-Tris-HCl pH 8.3, 75 mM-KC1, 10 mM-dithiothreitol (DTT), 3 mM-MgCI2, 660 ~tM each of dATP, dTTP, dCTP and dGTP, 100 Ixg/ml oligo(dT)12_ls and 300 ~tg/ml TomRSV RNA-1 and RNA-2. To monitor the reaction [~-32p]dATP was added. The firststrand reaction mixture was diluted to a final volume of 320-~tl which contained 25 mM-Tris-HC1 pH 8.3, 100 mM-KC1, 5 mM-MgCI2, 250 ~tM-each of dATP, dTTP, dCTP and dGTP, [0t-32p]dATP, 5 mM-DTT, and 250 units/ml Escherichia coli DNA polymerase I holoenzyme, then incubated for 2 h at 16 °C. The reaction mixture was treated with phenol/chloroform, the aqueous phase was adjusted to 0.2 M-sodium acetate, and precipitated nucleic acid was washed 0000-8094 in 70~o ethanol. The pellet was resuspended in 20 gl of 20 mM-Tris-HC1 pH 7.8, 10 mM-MgC12, 20 mM-KC1, 0.1 mM-DTT and 0.1 mM-EDTA and treated with RNase H (20 units/ml) at 37 °C for 20 min. The mixture was treated with phenol/chloroform and unincorporated nucleotides were removed by centrifugation of the aqueous phase through Sephadex G-50. Nucleic acid in the eluant was precipitated from 70~ ethanol. Synthetic dsDNA (300 ng) was tailed with dC residues using terminal deoxynucleotidyl transferase to a tail length (Michelson & Orkin, 1982) of approximately 15 to 20 residues and annealed with PstI-digested dG-tailed pUC9 (Pharmacia). The annealing mixture was used to transform competent E. coli DH5~ cells, which were plated on L agar containing 100 ~tg/ml ampicillin and 40 gg/ml Blue-O-Gal (BRL). Several thousand ampicillin-resistant colonies were obtained. Seven-hundred colonies were screened in a colony hybridization test (Gergen et al., 1979 ) using a randomly primed cDNA probe (Taylor et al., 1976) to gel-purified RNA-1 and these 700 colonies and an additional 300 colonies were screened with an RNA-2 probe. The colonies that gave the strongest autoradiographic signals were selected and found to contain plasmids with large inserts ranging in size from 1.7 to 5.5 kb. Two of the 300 colonies that hybridized to RNA-2 were not tested for hybridization with RNA-1 at that time but were later determined by restriction enzyme mapping and further hybridization tests to be derived from RNA-1 (see I46 and J27 in Fig. 1 ). Plasmids from 16 colonies that hybridized with cDNA to RNA-1 and 10 that hybridized with cDNA to RNA-2 were analysed by restriction enzyme mapping. Fig. 1 shows the restriction maps of eight inserts from these clones.
The orientation of the cloned inserts relative to plasmid DNA sequences was determined by restriction enzyme mapping (Fig. 1) . The 5' to 3' orientation of viral RNA relative to the plasmid inserts shown in Fig. 1 was determined by hybridizing in vitro transcripts of plasmid DNA to Northern-blotted virion RNA (Alwine et al., 1977) . The largest PstI fragment of clone J27 (see below) was excised and subcloned into the transcription vector Bluescript (Stratagene Cloning Systems, San Diego, Ca., U.S.A.) and 3:p-labelled RNA transcripts corresponding to both DNA strands were generated from the T3 or T7 promoters using T3 and T7 DNA-dependent RNA polymerases. Transcription reactions were carried out in 25 ~tl containing 40 mM-Tris-HC1 pH 7.9, 10 mM-NaCI, 6 mM-MgC12, 2 mM-spermidine, 30 mM-DTT, 0.5 mM each of ATP, CTP and UTP, 50 ~tM-GTP, 50 ~tCi [~-32p]GTP (3700 Ci/mmol), 25 units of RNasin (Promega, Madison, Wis., U.S.A.), 10 units of T3 or T7 RNA polymerase and 500 ng of linearized DNA. After 30 min at 37 °C the mixture was diluted and treated with DNase I for a further 15 min. The probe was phenol-extracted and ethanol-precipitated before use in hybridization analyses with Northern blots of viral RNAs. Only the transcript originating from one promoter (the T7 promoter) hybridized, indicating that this was the antisense strand to viral RNA. The orientation (5' to 3') of all other clones was then confirmed by comparison of restriction maps. A comparison of the restriction maps of clones corresponding to RNA-1 and RNA-2 (Fig. 1) shows that the order and spacing of five 3'-terminal restriction sites (PstI, EcoRV, BamHI, EcoRI and HindlII) are identical. This indicates a 1-9 kb 3'-terminal homology in RNA-1 and RNA-2. To determine whether RNA-1 and RNA-2 share homologous Y termini, TomRSV virion RNA was electrophoresed from a wide well in agarose containing methylmercuric hydroxide and blotted onto diazotized paper. Strips cut from the blot were tested for hybridization to nick-translated B54, G82, 146, J54 and J56 plasmids (Rigby et al., 1977) . The autoradiograph (Fig. 2) showed that plasmids G82 from RNA-1 and J54 from RNA-2 (which did not contain the 1.9 kb 3'-terminal regions) hybridized only to their respective viral RNAs. Plasmid B54 from the extreme 5' end of RNA-1 hybridized to RNA-1 as expected but also hybridized slightly to RNA-2, suggesting some homology at the 5' ends of RNA-1 and RNA-2.
However, we have not found a clone of the 5' end of RNA-2 to study this homology further. Plasmids I46 and J56, which contain the 3'-terminal regions of RNA-1 and RNA-2, respectively, hybridize to both RNA-1 and RNA-2. This indicates an extensive homology between the 3' termini of RNA-1 and RNA-2 which is reflected in the restriction maps in Fig. 1 . To determine more precisely the position and extent of homology between RNA-1 and RNA-2, restriction fragments of plasmids D48 and J54 from RNA-2 were digested with various restriction enyzmes, electrophoresed (Fig. 3 a) , blotted onto a Zeta-Probe membrane (Bio-Rad; as manufacturer's instructions) and incubated with a nick-translated probe of the entire J27 plasmid (autoradiograph, Fig. 3b) . Hybridization results are presented diagramatically in Fig.  3(c) which shows that the J27 probe hybridizes strongly to restriction fragments which correspond to the 3'-terminal 1.9 kb of RNA-2.
All fragments on the 3' side of the HindIII site common to RNA-1 and RNA-2 hybridized to the J27 probe but fragments on the 5' side of the HindIII site did not hybridize. This shows that the homology extends from the 3' end to beyond the first EcoRI site (1.6 kb) and possibly as far as the first HindIII site (1.9 kb). In control tests no hybridization occurred to the insert of J54 or 2 DNA.
An interesting observation is that the 0-6 kb PstI fragment on the 3' end of J27 hybridized more strongly to the J27 probe than would be expected on the basis of its mass relative to the other J27 fragments (Fig. 3b and c) . This also occurred with the 0.6 kb PstI fragment at the 3' end of D48. Repeated experiments using different clones as both probes and blotted DNA gave the same result. It is possible that this region, in addition to being homologous to both RNA-1 and RNA-2, consists of tandem repeats.
The distances from the 3' termini of clones I46, J27, K6, J56 and D48 to the first PstI site are almost identical, suggesting that their synthesis was initiated at or near the 3' termini of RNA-1 or RNA-2. Preliminary sequence determinations were made of a portion of the EcoRV/PstI fragments of J27 and K6 corresponding to the 3' ends of RNA-1 and RNA-2, respectively. These sequences differed in two of the 177 nucleotides compared.
The nucleotide sequences of the 3' termini of the genome parts of a number of plant viruses with bipartite or tripartite genomes have some homology (Dodd & Robinson, 1987) . This homology is limited to less than 200 nucleotides and is imperfect except for the tobraviruses. The TCM strain of tobacco rattle virus (TRV), which has an unusually long RNA-2 in comparison to other tobraviruses, shows a perfect 1099 nucleotide sequence homology at the 3' termini of RNA-1 and RNA-2 (Angenent et al., 1986) . This sequence appears to have been duplicated on RNA-2 from RNA-1. Similarly, pepper ringspot virus (previously known as the CAM strain of TRV), which has a shorter RNA-2, shows a perfect 459 nucleotide duplication (Bergh et al., 1985) . Our results with TomRSV showed a nucleotide sequence homology of 1.9 kb in the 3' termini of the genome parts; a homology of this magnitude has not been reported previously.
Although the sizes of RNA-2 vary among nepoviruses, the sizes of RNA-1 are similar suggesting that they each code for proteins with similar functions and with similar sizes. The reason for the wide variation in the sizes of RNA-2 is not known. It is possible that the 1.9 kb 3'-terminal portion of TomRSV RNA-1 has been duplicated in the T-terminal portion of RNA-2. This duplication would explain the detected homology as well as the large size of RNA-2 of TomRSV. A similar structure may occur with RNA-2 of cherry leaf roll and myrobalan latent ringspot viruses which are also larger than the RNA-2s of most nepoviruses (Murant et al., 1981) . Goldbach (1987) noted that the protein coded in the T-terminal region of RNA-1 of tomato black ring virus, a nepovirus, has amino acid sequence homologies with the polymerase of cowpea mosaic virus which is also coded in the T-terminal region of RNA-1. If the polymerase gene is in the same position of TomRSV RNA-1, then at least a portion of the polymerase may be duplicated on TomRSV RNA-2. The nature or function of the duplicated nucleotide sequence may be elucidated by sequencing. The survival of the duplicated sequence on RNA-2 suggests that it does indeed have a function significant in virus replication.
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